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Summary  The  data  loss  and  disconnection  of  nodes  are  frequent  in  the  opportunistic
networks.  The  social  information  plays  an  important  role  in  reducing  the  data  loss  because
it depends  on  the  connectivity  of  nodes.  The  appropriate  selection  of  next  hop  based  on  social
information  is  critical  for  improving  the  performance  of  routing  in  opportunistic  networks.
The frequent  disconnection  problem  is  overcome  by  optimising  the  social  information  with  Ant
Colony Optimization  method  which  depends  on  the  topology  of  opportunistic  network.  Theoptimization;
Disconnection
proposed protocol  is  examined  thoroughly  via  analysis  and  simulation  in  order  to  assess  their
performance  in  comparison  with  other  social  based  routing  protocols  in  opportunistic  network
under various  parameters  settings.
© 2016  Published  by  Elsevier  GmbH.  This  is  an  open  access  article  under  the  CC  BY-NC-ND  license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
pntroductionpportunistic  networks  are  a  category  of  Delay  Toler-
nt  Networks  (DTN),  engaged  in  the  suburbs  where  the
 This article belongs to the special issue on Engineering and Mate-
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icenses/by-nc-nd/4.0/).robability  of  end-to-end  route  establishment  is  very  low
or  message  forwarding  to  take  place.  In  these  networks
he  connectivity  between  the  nodes  do  not  exists  all  the
imes.  Opportunistic  network  experience  frequent  changes
n  the  network  topology  due  to  node  mobility  (Conti  and
umar,  2010).  The  problem  of  intermittent  connectivity,
ong  delays,  absence  of  end-to-end  path,  tend  towards
he  poor  performance  of  conventional  routing  schemes  in
pportunistic  networks.  To  overcome  the  problem  of  inter-
ittent  connectivity  the  mobility  of  nodes  and  buffering
f  messages  plays  an  important  role  in  message  forwarding
icle under the CC BY-NC-ND license (http://creativecommons.org/
y  me
P
S
c
m
(
v
a
o
n
t
g
t
c
t
a
t
a
c
a
n
i
i
p
o
E
P
i
s
o
m
t
v
o
n

T
a

R
T
a
H
p
p
improving  the  routing/forwarding  performance.  Simulation
is  carried  using  ONE  (Opportunistic  Network  Environment)Optimising  social  information  by  game  theory  and  ant  colon
(Pan  et  al.,  2013).  A  node  communicates  on  the  basis  of
contact  opportunity  that  arises  when  it  came  into  contact
with  other  nodes.  This  contact  opportunity  forms  the  basis
of  social  information.  The  objective  of  social  network  study
is  to  examine  the  relevance  of  a  node  in  opportunistic  net-
work  and  to  analyse  the  relations  between  nodes  within  the
network.  These  relations  become  the  key  to  forward  the
data  in  opportunistic  networks  (Liu  and  Jing,  2012).
We  proposed  a  new  routing  protocol/algorithm  for  deter-
mining  relative  importance  of  individual  nodes  using  the
concept  of  game  theory  and  ant  colony  optimization.  The
next  section  describes  the  social  context  aware  category  of
routing  protocol  in  opportunistic  networks  under  consider-
ation  are  HiBop,  Propicman  and  CAOR,  and  describe  some
other  related  work.  The  suggested  algorithm  is  discussed  in
section  ‘‘Proposed  methodology’’.  The  results  of  suggested
algorithm  are  analysed  with  delivery  probability  and  delay  in
section  ‘‘Results  and  performance  analysis’’  and  also  com-
pared  with  the  previous  routing  protocols.  Finally  section
‘‘Conclusion  and  future  scope’’  concludes  the  paper.
Related Work
One  of  the  categories  of  routing  protocols  in  opportunistic
network  is  social  context  aware  routing  protocols  (Prabha
et  al.,  2014).  There  are  various  protocols  under  social  con-
text  aware  routing  viz.  HiBop,  Propicman,  CAOR,  etc.  The
history  based  routing  protocol  (HiBop)  for  opportunistic  net-
work  uses  social  information  based  on  past  history  and
current  context  information  of  a  node  (Conti  et  al.,  2008).
Propicman  (Giordano  et  al.,  2009)  utilises  social  informa-
tion  based  on  context  information,  allows  the  sender  to
select  the  next  two  hop  neighbour(s),  such  that  the  message
has  the  maximum  probability  to  move  to  destination.  CAOR
(Xaong  and  Huang,  2013)  uses  the  social  information  and
forwarding  is  based  on  formation  of  community.  These  pro-
tocols  exploit  additional  information  about  the  context  users
to  make  the  forwarding  function  more  efﬁcient.  Apart  from
exploiting  the  information  the  HiBop  and  Propicman  proto-
cols  do  not  include  an  explicit  representation  of  the  social
network.  CAOR  is  representing  the  social  network  based  on
forming  communities.  The  existence  of  communities  ﬁrmly
affects  the  process  of  determining  inﬂuential  nodes.  CAOR
exploits  the  between-ness  centrality  metric  of  conventional
centrality  measure.  But  it  fails  to  recognise  the  signiﬁcance
of  nodes  when  presents  in  groups.
In  all  the  social  based  routing  protocols  described  pre-
viously,  utilised  the  concept  of  social  information.  In  many
applications,  it  is  not  enough  to  only  learn  the  relevance
of  each  node  as  individual.  The  disconnection  of  nodes  in
opportunistic  networks  and  data  loss  problem  has  been  stud-
ied  previously  (Xaong  and  Huang,  2013).  The  main  aim  is
to  forward/route  data  efﬁciently  in  opportunistic  scenario.
Several  works  has  been  done  in  literature  to  forward  data
in  opportunistic  networks  with  respect  to  social  context,
but  very  few  work  has  been  done  based  on  game  theory.
The  proposed  algorithm  is  ﬁrst  such  study,  which  combines
game  theory  concept  with  ant  colony  optimization.  Next  sec-
tion  brieﬂy  describes  efﬁcient  use  of  social  information  of
nodes  in  opportunistic  networks  and  how  that  information  is
optimised  using  ant  colony  optimization  method  to  forward
data.
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roposed methodology
hapley  value  is  the  new  concept  of  game  theoretic  network
entrality  as  it  expresses  the  average  marginal  contribution
ade  by  every  node  to  every  feasible  group  of  other  nodes
Karthik  et  al.,  2010).  Game  theory  ﬁnds  out  the  Shapley
alue  effectively  because  it  depend  on  the  competitor  steps
nd  also  on  the  other  nodes  position.  When  we  deal  with
pportunistic  network  it  depends  on  the  motion  of  other
odes.  So  it  resembles  the  game  theory  basic  fundamen-
al  and  we  can  use  to  calculate  the  social  information  by
ame  theory.  Conversely  Shapley  value  represents  the  con-
ribution  of  nodes  in  the  network.  To  accomplish  this  we  are
omputing  the  Shapley  value  (˛s)  of  every  node  and  simul-
aneously  computing  shortest  distance  (ˇd)  using  Dijkstra
lgorithm  (Corman,  2001)  in  an  opportunistic  network.  If
here  is  no  change  then  the  values  of  (˛s)  and  (ˇd)  serve
s  input  to  our  proposed  algorithm  that  make  use  of  ant
olony  optimization  (ACO)  (Dorigo  and  Stutzle,  2004).  The
lgorithm  to  determine  the  shortest  path  is  greedy.  We  are
ot  iteratively  computing  the  shortest  path.  Only  the  change
n  social  information  is  monitored  iteratively  and  ﬁnding  the
mpact  of  that  change  in  the  forwarding  of  messages.  The
arameters  ˛s, ˇd and  random  path  are  taken  as  an  input  to
ur  proposed  algorithm.  The  values  of  ˛s and  ˇd are  used  in
q.  (1).
k
xy =
(T˛sxy )(
ˇd
xy )∑
Z allowed X
(T˛sxz )(
ˇd
xz )
(1)
Where  Pkxy representing  the  kth  probability  that  node  x
s  moving  to  node  y.  Txy is  pheromone  deposited  for  tran-
ition  from  state  x  to  y  on  ˛s value.  xy is  prior  knowledge
f  shortest  path  based  on  ˇd value  and  assume  ˇd ≥  1.  The
inimum  distance  from  node  x  to  node  y  must  be  one  so
he  value  of  ˇd is  taken  as  greater  than  or  equal  to  one.  The
alue  of  pheromone  Txy is  updated  for  every  transition  from
ne  state  to  another  by  using  Eq.  (2).  Here    represents  the
egative  prediction.  K is  the  kth  time  transmission  of  node.
Tkxy is  trail  pheromone.
xy =  (1  −  )Txy +
∑
k
Tkxy;  (2)
We  are  extracting  the  information  of  destination  based  on
bove  equations  and  ﬁnding  deviation  in  social  information
T  according  to  network  domain.
esult and Performance Analysis
his  section  discusses  the  work  of  our  proposed  algorithm
nd  compared  with  the  existing  social  aware  algorithms:
iBop,  Propicman  and  CAOR.  In  this  paper  we  had  com-
ared  with  two  performance  metrics:  delay  and  delivery
robability.  Our  result  shows  that  the  proposed  algorithm  isimulator  (TKK,  2009).
We  are  setting  the  number  of  nodes  equal  to  100,  200,
00,  400,  and  500.  The  time  taken  for  simulation  is  43,200  s.
he  TTLs  are  set  300  min.  Simulation  results  are  shown  in
660  
Figure  1  Average  delay.
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TFigure  2  Delivery  probability.
igs.  1  and  2.  Result  shows  that  our  proposed  algorithm
utperforms  Hibop,  Propicman  and  CAOR.  Our  algorithm
ncreases  the  delivery  probability  and  decreases  the  delay.
y  increasing  the  scalability  of  network  the  delivery  prob-
bility  and  delay  improves  in  our  proposed  algorithm  and
t  is  higher  than  HiBop,  Propicman  and  CAOR.  Fig.  1  shows
he  performance  of  average  delay  with  respect  to  nodes.
n  Fig.  2  the  delivery  probability  of  our  proposed  algorithm
s  greater  at  higher  node  densities  as  compared  to  other
outing  protocols.  It  means  there  is  a  signiﬁcant  increase
n  the  delivery  probability.  The  message  deliveries  in  pro-
osed  algorithm  depend  on  the  optimised  routing  with  the
ncorporation  of  ant  colony  method.
XC.  Prabha  et  al.
onclusion and future scope
n  this  paper,  we  have  proposed  an  algorithm  for  oppor-
unistic  network  and  examined  its  performance  over  a
ange  of  parameter  in  comparison  with  HiBop,  Propicman
nd  CAOR  routings.  Our  proposed  algorithm  is  capable  to
ccommodate  the  challenges  of  other  routing  strategies  of
pportunistic  network  particularly  delivery  probability  and
essage  delay  by  utilising  social  information  more  effec-
ively  using  the  Shapley  value  and  by  integrating  it  with  ant
olony  optimization.  Apart  from  this,  there  exist  a  number
f  directions  in  proposed  algorithm  which  can  be  investi-
ated  further.  For  future  work  the  proposed  algorithm  can
e  extended  by  use  of  other  means  of  ﬁnding  the  shortest
ath  which  will  give  true  optimal  solution.
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